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ABSTRACT
The group of galaxies RXJ1340.6+4018 has approximately the same bolometric X-ray
luminosity as other bright galaxy groups and poor clusters such as the Virgo cluster.
However, 70% of the optical luminosity of the group comes from a dominant giant
elliptical galaxy, compared to 5% from M87 in Virgo. The second brightest galaxy
in RXJ1340.6+4018 is a factor of 10 fainter (∆m12=2.5 mag) than the dominant
elliptical, and the galaxy luminosity function has a gap at about L∗.
We interpret the properties of the system as a result of galaxy merging within a
galaxy group. We find that the central galaxy lies on the fundamental plane of ellipti-
cals, has an undisturbed, non-cD morphology, and has no spectral features indicative
of recent star formation, suggesting that the last major merger occurred
∼
>4 Gyr ago.
The deviation of the system from the cluster LX − T relation in the opposite sense
to most groups may be due to an early epoch of formation of the group or due to a
strong cooling flow.
The unusual elongation of the X-ray isophotes and the similarity between the X-
ray and optical ellipticities at large radii (∼230 kpc) suggest that both the X-ray gas
and the outermost stars of the dominant galaxy are responding to an elongated dark
matter distribution. RXJ1340.6+4018 may be part of a filamentary structure related
to infall in the outskirts of the cluster A1774.
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1 INTRODUCTION
If galaxy merging is a common process in the cores of galaxy
groups, then there may be a population of ‘fossil’ groups in
which most of the galaxies have merged, leaving a giant ellip-
tical galaxy but few other galaxies. Galaxy groups represent
one of the environments where galaxy mergers are predicted
to happen most frequently, because of the relatively low ve-
locity dispersion of the constituent galaxies compared to the
velocity dispersion in clusters of galaxies. For example, in the
numerical simulations of Barnes (1985, 1989) compact group
members merge to form a single elliptical galaxy within a
few billion years. In hierarchical models of structure forma-
tion, isolated galaxy groups are predicted to be relatively
old systems, so that there has been a long period over which
merging could occur.
The
first candidate fossil galaxy group, RXJ1340.6+4018, was
discovered via its extended X-ray emission by Ponman et al
(1994; hereafter P94). The X-ray properties of the system,
including its bolometric X-ray luminosity (4.5x1043 erg s−1),
temperature (0.92±0.08 keV) and extent (core radius 140-
390 kpc), are similar to those of well known X-ray bright
galaxy groups (e.g. Mulchaey et al 1996). The X-ray lumi-
nosity and extent are at least an order of magnitude higher
than those of normal elliptical galaxies. However, P94 de-
tected no excess of galaxies in projection on the sky near
the X-ray position; only a single luminous (MV=–23.5 mag)
elliptical galaxy was coincident with the X-ray peak. The
explanation suggested by P94 was that the former group
galaxies had merged, creating the single luminous elliptical
galaxy and leaving a halo of X-ray emitting gas and dark
matter.
In a recent study, Vikhlinin et al (1999) find three
very similar systems, in addition to independently discov-
ering RXJ1340.6+4018 , and find that the space density of
such groups is similar to that of luminous field ellipticals
with L > 6L∗ (MR <–22.5). Thus a large fraction of lu-
minous field ellipticals may be the result of galaxy merging
in groups. X-ray observations of an optically-selected iso-
lated elliptical galaxy by Mulchaey & Zabludoff (1999) also
revealed a system with the X-ray properties of a group, lend-
ing support to this idea.
In this paper we investigate the properties of
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RXJ1340.6+4018 in more detail and assess the evidence for
it being a result of galaxy merging. If it is an old merger rem-
nant then comparison with typical ellipticals gives a valu-
able check on the idea that many ellipticals are the result of
mergers. The detection of an overluminous X-ray halo con-
taining only one bright (elliptical) galaxy may be one of the
few ways of identifying such evolved systems.
In Section 2 we describe new optical imaging and
spectroscopy and high resolution X-ray observations of the
RXJ1340.6+4018 field. The results of isophotal, photomet-
ric and dynamical analyses of the central galaxy and its
environment are described in Section 3. A comparison with
other galaxy systems and a discussion of the possible his-
tory of this system are given in Section 4. The last Sec-
tion contains the concluding remarks. We assume H0=50h50
kms−1 Mpc−1 and q0=0.5 throughout (as done by P94).
2 OBSERVATIONS
2.1 Optical Observations
2.1.1 Redshifts of nearby galaxies
Low resolution spectra of RXJ1340.6+4018 and objects close
to it on the sky were obtained at the Kitt Peak 2.1m tele-
scope on January 21st 1996. A finding chart is shown in Fig.
1. Two slit positions were used. At one, spectra of objects
G2, G9, G7 & S4 were obtained (position angle 79◦; expo-
sure 60 min). The star S4 is outside the area of Fig. 1, to
the east. At the other slit position spectra of objects G1,
G3 and G5 were obtained (position angle 71◦; exposure 30
min). Object G1 is the central, luminous elliptical galaxy.
The second slit was aligned on galaxies G3 & G5 and so did
not quite cross the core of G1, but passed 2 arcsec south of
the core. The Goldcam spectrograph and Ford 3kx1k CCD
were used with a slitwidth of 2.5 arcsec and a grating of 300
lines/mm, giving a resolution of 10A˚ (FWHM). Arc lamp,
flat field and F8 star exposures (the latter for the removal
of atmospheric absorption features) were obtained with the
telescope at or near the position of RXJ1340.6+4018. Spec-
tra of flux standard stars were obtained during the night.
Standard IRAF reduction procedures were used and red-
shifts were determined from Gaussian fits to 4-8 absorption
lines per galaxy. Redshift errors were determined from the
dispersion in the individual line measurements. The redshifts
are listed in Table 1.
The redshift of G1 (z=0.1716) agrees with the measure-
ment of P94. Three of the other galaxies observed (G2, G3
and G5) have redshifts very close to that of G1 (∆v<450
km s−1). The spectra of all four of these galaxies are typi-
cal of elliptical galaxies. Two objects (G7 & G9) are back-
ground galaxies and one object (S4) is a Galactic star. The
only emission lines detected were unresolved [OII]3727 in
the background galaxies G7 and G9, a common feature in
faint field galaxies.
2.1.2 Internal velocity dispersion of the luminous galaxy
A higher resolution, high signal-to-noise spectrum of the
brightest galaxy G1 was obtained at the Keck II telescope
on May 2nd 1998. The observation was made through thick
cloud and so no flux standards were observed. The low
Table 1. Redshifts of galaxies in the RXJ1340.6+4018 field
Galaxy α (J2000) δ z R †
G1 13 40 32.80 40 17 39.7 0.1716 ± 0.0003 16.1
G2 13 40 32.49 40 18 9.9 0.1705 ± 0.0002 18.6
G3 13 40 31.27 40 17 31.2 0.1700 ± 0.0006 18.9
G5 13 40 26.64 40 17 13.1 0.1734 ± 0.0006 19.2
G7 13 40 39.25 40 18 25.4 0.3033 ± 0.0002 18.7
G9 13 40 37.43 40 18 22.2 0.3087 ± 0.0004 19.2
† total magnitude
resolution imaging spectrograph (LRIS), a grating of 600
lines/mm and a slitwidth of 1.5 arcsec were used to give
a resolution of 6.7A˚ (FWHM), corresponding to σ ≈140
kms−1 . The slit was aligned across the galaxy core at a
position angle of 90◦. Arc lamp and flat field exposures were
obtained immediately after the target exposure. Standard
IRAF reduction procedures resulted in the spectrum shown
in Fig. 2 which was extracted from a 2.2 arcsec section along
the slit, centred on the galaxy core. The signal-to-noise in
the reduced spectrum is ≈30 per 1.2A˚ pixel.
The redshift of z=0.1724±0.0002, derived from Gaus-
sian fits to 9 absorption lines, is consistent (within 2σ) with
that derived from the Kitt Peak 2.1m spectrum. The veloc-
ity dispersion in the galaxy core was measured from Gaus-
sian fits to the four absorption lines which had equivalent
widths>1A˚ but were not blended with nearby strong lines (a
Fourier analysis was not possible because no template stars
were observed with the same grating). These four lines were
Fe 4383, Ca 4455, Fe 5270 and Hβ. The observed weighted
mean line width was σ=320± 40 kms−1 . The strong NaD
lines could not be used because they were contaminated by
the O2 B-band atmospheric absorption feature. Although
the Mgb triplet was not resolved, a fit with three fixed line
centres and a single variable line width and a variable con-
tinuum gave a line width (σ=350±30 km s−1 ) consistent
with the results from the other four lines. Errors on the line
widths were estimated via 100 Monte-Carlo simulations for
each line. After correcting for the instrumental broadening,
the weighted mean line width was σ0=260±30 km s−1 .
2.1.3 Deep optical imaging
Images of RXJ1340.6+4018 in the R and B bands were ob-
tained in service time at the Isaac Newton 2.5m Telescope
(INT) on January 25-26th 1995. A Tektronix 1024x1024
CCD was used at prime focus, resulting in a pixel size of
0.59 arcsec and field of view of 9.8x9.8 arcmin. The seeing
was 1.2 arcsec FWHM. Exposures of 6x600s in R and 3x500s
in B were obtained over the two nights, moving the telescope
slightly between exposures to facilitate flat-fielding. A flat-
field image was initially made from a combination of 6 twi-
light sky images. Application of this flat-field image to the
target images left a residual gradient in the sky of <0.2%
over the full 9.8 arcmin frame width. The three frames with
the worst residual gradient (which were those for which no
twilight flats were obtained on the same night as the tar-
get data) were additionally flat-fielded by a smoothed ‘sky
flat’ created by a median combination of the three origi-
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Figure 1. R band CCD image of the central region of the group
RXJ1340.6+4018 , showing the giant elliptical galaxy G1 and
other galaxies in the field. Galaxies G2, G3 & G5 are in the galaxy
group dominated by galaxy G1; G7 &G9 are background galaxies.
The faint galaxy G10, 9′′ W of the centre of G1, is unusually
blue (its redshift is unknown). A bright star is marked with an
”S”. North is up and east is left. The image is 2.5 arcmin across
(570 h50 kpc at the redshift of RXJ1340.6+4018 ). The intensity
scaling is log(square root).
G
Fe 4383
Ca 4455
MgI
Fe 5270
Fe 4528
blend
n/s
n/s
NaD + atmos
atmos
Figure 2. Spectrum of the dominant galaxy G1 shifted to rest
wavelengths. Prominent absorption lines and incompletely sub-
tracted night sky lines are marked.
Figure 3. R band CCD image and overlaid X-ray contours from
the ROSAT PSPC and ROAST HRI (dashed). The X-ray con-
tours are at logarithmic intervals of a factor of 1.4 in surface
brightness.
nal frames. This operation was designed to remove the large
scale gradient. The sky in the resulting images was flat to
within <0.1% across the full extent of each frame (corre-
sponding to R>28 mag arcsec−2). The final R band image
from the six frames combined is shown in Fig. 3.
The INT images were obtained in slightly non-
photometric conditions, so photometric calibration was per-
formed via the Nordic Optical 2.5m Telescope (NOT) im-
ages of the same field described in P94 in the R band, but
was unavailable for the B band. Here we give a brief de-
scription of the V and R photometry employed at the NOT.
The photometry was on the Johnson (V) and Kron-Cousins
(R) system. The NOT images were not as deep as those
described here, but were obtained under photometric con-
ditions, as measured by 12 observations of Landolt (1992)
and Christian et al (1985) standard star fields in V and R
throughout the night. These standard star measurements
were consistent with standard atmospheric extinction cor-
rections of 0.06sec(z) in R and 0.10sec(z) in V, where z is
the airmass. Colour terms of 0.0(V −R) in R and 0.34(V −R)
in V were derived from 17 stars (in R) and 4 stars (in V).
Several standard stars were of very similar V-R colour to
galaxy G1. We estimate the NOT photometry to be accu-
rate to 0.05 mag. Calibration of the deep INT image was
achieved via a simple comparison with the NOT R pho-
tometry for the brightest 8 galaxies (including those with
measured redshifts) within a 6.6 arcsec radius aperture, and
was accurate to 0.03 mag (1 σ random error).
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Figure 4. Azimuthally averaged X-ray surface brightness profiles. X-ray emission is detected to
a radius of
∼
> 0.1◦ or 1.3 h50−1 Mpc. ROSAT PSPC data are shown as crosses and scaled HRI
data as points. The PSPC/HRI count rate ratio used to scale the HRI data was predicted using
the spectral parameters measured from the PSPC spectrum.
Figure 5. The same field as shown in Fig. 3, after subtraction
of an elliptical model fit to galaxy G1 as described in the text.
There are few, if any, residual features.
2.2 X-ray Observations
RXJ1340.6+4018 was observed with the ROSAT High Reso-
lution Imager (HRI) for a total of 51 ksec in December 1994
and June 1995. The HRI count rate was 2.9x10−3 ct s−1
within a radius of 1.2 arcmin. The HRI has a spatial reso-
lution of 5 arcsec (FWHM), and is reasonably sensitive to
point-like X-ray sources, but because of a higher unrejected
particle background and lower quantum efficiency, it is not
as sensitive to faint diffuse X-ray emission as the ROSAT
position sensitive proportional counter (PSPC) which was
used by P94. Nevertheless, an extended source was detected
in the HRI at the position of the peak of the PSPC emission
(see the dashed contours in Fig. 3). The position of the HRI
image was updated by 5 arcsec by comparing the X-ray posi-
tions of 5 point sources in the HRI image with the positions
of optical counterparts from Palomar plate measurements.
The PSPC data is subject to a systematic positional uncer-
tainty of≈10 arcsec. No point X-ray sources were detected in
the HRI image within the PSPC contours of Fig. 3, showing
that the extended emission detected with the PSPC by P94
(with a poorer spatial response FWHM≈25 arcsec) is from
a truly diffuse source, and not from a superposition of unre-
solved point sources. Any non-variable point source with a
flux of 10% of the total flux of RXJ1340.6+4018 would have
been detected with a significance of at least 5σ in the HRI
observation.
The combined HRI and PSPC azimuthally averaged
surface brightness profiles are shown in Fig. 4. X-ray emis-
sion is detected to a radius of ∼> 0.1
◦ or 1.3 h50
−1 Mpc.
In the figure, the HRI surface brightness has been scaled
up by a factor of 3.78, corresponding to the predicted
PSPC/HRI count rate ratio for a thermal plasma spectrum
as determined by P94 (T=0.92 keV, metallicity=0.36 solar,
NH=7.4x10
19 cm−2). The PSPC surface brightness profile
is consistent with the HRI profile in the overlap region, and
consistent with a smooth extrapolation of the HRI profile,
again suggesting that unresolved point sources do not make
a significant contribution to the PSPC flux.
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3 ANALYSIS AND RESULTS
3.1 The nature of the system
The luminous elliptical galaxy coincident with the peak of
the X-ray emission is not completely isolated, but has at
least three faint companion galaxies with measured red-
shifts. The system is a group of galaxies, and the diffuse
X-ray emission originates in an intra-group medium (IGM).
The group, however, has an unusually optically luminous
central galaxy and an unusually large magnitude gap be-
tween the brightest and second brightest galaxies. Here we
determine the properties of both the central galaxy and the
galaxy group. The group properties are summarized in Table
2.
3.2 Group luminosity function
The luminosity function of the galaxies in the group was esti-
mated using a simple statistical method. The surface density
of field galaxies surrounding the group was subtracted from
the surface density of galaxies located in a circular region
centred on the group, as a function of magnitude. Photom-
etry of both field and group galaxies was based on analy-
sis of the deep R band INT CCD image using the Starlink
PISA package (Draper & Eaton 1996). The image used for
source detection was that with the bright elliptical galaxy
subtracted (Fig. 5; see Section 3.4), so as to avoid spuri-
ous faint sources being produced in the noisy, low surface
brightness outer parts of the galaxy profile, and to include
sources projected on to the bright galaxy. Regions around
four bright stars were also excluded from the analysis, again
to avoid spurious source detections. An isophotal threshold
of 26.6 R mag arcsec−2 (2σ per pixel above sky) was used,
with a minimum of 4 connected pixels above the thresh-
old, to define source detections. A total of 2577 objects were
found in an area of 55.1 arcmin2. The bright central galaxy
was inserted manually into the object list.
Photometry was performed using an asymptotic curve
of growth analysis for each object as described by Kron
(1980). Star-galaxy separation was performed, following
Jones et al (1991), using a log(area)-magnitude plot for
R<18 and a log(Ipeak)-magnitude plot for 18<R<26, where
the area is the isophotal area above the threshold, and Ipeak
is the peak surface brightness. The completeness level was
estimated from galaxy counts in a background region, de-
fined as the area of the image >1.8 arcmin (400 h50
−1 kpc)
from the centre of the galaxy G1. The background galaxy
counts start to turn over at R=24 mag, and we take this as
the completeness limit (see Fig. 6). The background galaxy
counts are consistent with field galaxy counts of Jones et
al (1991) to their limit of R=22, and slightly higher than
the measurements of other authors at 22<R<24 (but within
2.1 times the one-sigma fluctuation amplitude measured by
Metcalfe et al 1991 in a similar size field). This small excess
may be due to the effects of the large-scale structure in the
region (perhaps associated with Abell 1774).
Our background galaxy counts predict 207 field galax-
ies within a 1.8 arcmin radius circle at R<24; we measure
250 galaxies within the same radius circle centred on galaxy
G1, giving an excess of 43±16 galaxies within a radius of
400 h50
−1 kpc. Within 200 h50
−1 kpc radius the excess is
Figure 6. Background galaxy counts at radii >400 h50−1 kpc
from the centre of the RXJ1340.6+4018 group. The limit of com-
pleteness is shown by the vertical line. Field galaxy counts of
other authors are shown as dashed lines. The counts of Steidel
& Hamilton (1993) have been transformed to the R band using
R=R-0.14.
26±8.8 galaxies. Using the field galaxy counts of Metcalfe et
al (1991, 1995) would increase the number of group galaxies
within 400 h50
−1 kpc to 71±16, an increase of a factor of
1.7, and an indicator of the likely level of systematic error
in the luminosity function.
K-corrections for an elliptical galaxy at z=0.171 of
KB=0.84, KV=0.32 (Pence 1976) and KR=0.17 (Metcalfe
et al (1991); Saglia et al (1997)) were assumed. A Galac-
tic extinction of AB <0.06 mag was obtained from Burstein
& Heiles (1984). Converting the neutral hydrogen column
density of NH=7.4x10
19 cm−2 to an extinction using the re-
lation of Jenkins & Savage (1974) gives AB=0.04 mag (or
AR=0.02 mag). As these values are less than our photomet-
ric errors, we have assumed that the Galactic extinction is
zero.
The group luminosity function is shown in Fig. 7. The
luminosity function was constructed using the background
counts derived from the same image as the group counts,
in order to have consistent depth, galaxy detection parame-
ters and photometry. A bin size of one magnitude has been
used in Fig. 7. The large magnitude gap ∆m12 between the
brightest galaxy and the second brightest galaxy is clear in
this figure (the value is ∆m12 = 2.5 mag). The unusually
high luminosity of the brightest galaxy when compared to
the LFs of other clusters and groups is also evident.
The LFs of other systems shown in Fig. 7 are repre-
sentative of the LF shape in groups and poor clusters. Their
detailed normalization should not be compared because they
have been measured from different projected areas in each
system. In addition, the Virgo LF has been rescaled by a
factor of 0.1 in order to compare its shape with the LF of
RXJ1340.6+4018 .
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Table 2. Properties of the RXJ1340.6+4018 group
Redshift z=0.1710±0.0007
Velocity dispersion σr=380 (+350, -110) km s−1
Bolometric X-ray luminosity† 4.5x1043 h50−2 erg s−1
X-ray temperature† T=0.92±0.08 keV
IGM X-ray metallicity† Z=0.36 (+0.15,-0.11) solar
Magnitude gap (in R) ∆m12=2.5 mag
Central galaxy surface density Nc
0.5= 2.8
Total gravitating mass (r<340 kpc)† 2.8x1013 h50−1 M⊙
Virial mass‡ 6.1x1013 h50−1 M⊙
† from Ponman et al (1994)
‡ The virial mass is poorly constrained because of the small number of measured galaxy velocities.
Figure 7. Galaxy
luminosity function of the RXJ1340.6+4018 group, for galaxies
within two different radii (shown as triangular and square sym-
bols). The large magnitude gap between the brightest galaxy (G1;
MR=-24.2) and the second brightest (MR=-21.7) is evident, as is
the low likelihood of other clusters & groups containing a galaxy
as luminous as this. The other luminosity functions (shown as
continuous lines) are taken from Ferguson & Sandage (1991) ex-
cept for the Hickson compact group (HCGs) LF which is taken
from Hunsberger, Charlton & Zaritsky (1998) (scaled to H0=50)
and the MKW/AWM poor cluster LF which is taken from Yam-
agata & Maehara (1986). Colour transformations to the R band
assumed B-R=1.5 mag for the Ferguson & Sandage results and
V-R=0.6 for Yamagata & Maehara. Only the Virgo cluster LF
has been scaled in number (by a factor of 0.1).
3.3 Group velocity dispersion and dynamical mass
The redshift and line-of-sight velocity dispersion (σr) of
the group of galaxies was estimated from the four available
galaxy redshifts. For small sample sizes, Beers et al. (1990)
found that the median redshift and simple Gaussian disper-
sion give the best estimates. Adopting this method gives a
group redshift of z=0.1710±0.0007 and a velocity disper-
sion σr=380 (+350,-110) km s
−1 where the velocity disper-
sion has been corrected for cosmological effects and redshift
measurement errors, and its error has been calculated as
described by Danese et al. (1980). Zabludoff & Mulchaey
(1998) note that group velocity dispersions measured from
a small number of centrally concentrated brightest galax-
ies usually underestimate the true velocity dispersion, as
measured from a much larger sample, by a factor ∼1.5. The
kinematic quantities derived from the velocity dispersion are
of dubious value, because they were based on only 4 galaxy
velocities and positions, and those 4 galaxies were concen-
trated towards the centre of the group. With this caveat,
we calculate a virial mass using the standard equations as
given by Ramella et al (1989). For a virial radius of 310 kpc
and a mean projected galaxy separation of 330 kpc, we find
a virial mass of 6.1x1013 M⊙.
3.4 Isophotal analysis and photometry of the
central galaxy
In order to determine if the central elliptical galaxy G1
shows any deviations from an elliptical shape and to measure
its photometric properties, we used the ISOPHOTE package
in IRAF to fit elliptical isophotes to the deep R band im-
age, using the algorithm of Jedrzejewski (1987). The regions
around several stars and galaxies close to G1 on the sky were
ignored in the fitting. The galaxy profile could be followed
to a maximum semi-major axis length (a) of 62 arcsec or
230 h50
−1 kpc. The surface brightness values were corrected
for K-corrections and (1+z)4 surface brightness dimming.
The R band image after subtraction of the best-fit ellipti-
cal model is shown in Fig. 5. This image reaches a limiting
surface brightness of µR >26 mag arcsec
−2, considerably
fainter than, for example, the tidal tails in NGC 7252, a 1
Gyr old merger remnant (µR ≈25 mag arcsec−2; Hibbard
et al 1994). However, no diffuse residual features are visible
in this image; only a few galaxies and a stellar object near
the galaxy centre are visible. While the two features closest
to the galaxy centre may be multiple nuclei, they may also
be a faint galaxy and a star observed in projection against
the central galaxy. The high number density of similarly
faint objects throughout the image suggests that they may
be unrelated to the central galaxy. The small feature at the
galaxy core is an artifact of the imperfect fit in the central
region due to seeing effects.
The surface brightness as a function of a1/4 is shown
in Fig. 8. The straight line, indicative of a de Vaucouleurs
r1/4 profile with an effective semi-major axis of ae=10.6±0.6
arcsec, is a good fit in the range 3.0<a<54 arcsec, ie. out-
side the central region affected by the seeing (χ2=18.0 for 23
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Figure 8. R band surface brightness of the dominant galaxy
G1 as a function of (semi-major axis)1/4, from a fit to elliptical
isophotes. A pure de Vaucouleurs r1/4 profile (solid line) is a good
description outside the central region affected by the seeing.
degrees of freedom). An effective radius, re, of 6.4±0.3 arc-
sec, is obtained from a de Vaucouleurs profile fit to r=
√
ab
over the range 3.0<r<36 arcsec. This value of re is consis-
tent with that found by P94. The B band image is of lower
signal-to-noise than the R band image, but following the
same procedure again gave a profile consistent with a r1/4
law, with ae=13.8±3.0 arcsec and re=7.8±0.9 arcsec.
The variation of ellipticity with semi-major axis is given
in Fig. 9. Here ellipticity is defined as e=1-b/a. The ellip-
ticity increases monotonically with radius from e=0.1 (ie.
near circular) to e=0.5 (axis ratio b/a of 0.5). This range
of ellipticity within individual luminous elliptical galaxies is
not unusual, although galaxies with similarly large ranges of
ellipticity also usually have disk or dust lane features which
affect the isophotal analysis (eg. Goudfrooij et al 1994). The
position angle of the major axis is approximately constant
between 20◦and 25◦. The amplitude of the 4th cosine har-
monic measures ‘boxy’ or ‘disky’ deviations from perfect
ellipticity in the isophotes. The value of this amplitude is
consistent with zero at all radii outside the central seeing-
affected region, implying that no significant deviations are
present, at least in our data.
Total magnitudes of the galaxy were measured by sum-
ming the light within a radius of 5.6re and adding a correc-
tion of 0.1 mag given by the r1/4 profile for the light outside
this radius. The total magnitudes are given in Table 3.
No photometric calibration was available for the B
band. An approximate calibration was performed by assum-
ing that the rest (B-V)0 colour of galaxy G1 (at r<16 arcsec)
was (B-V)0=0.95, given by the colour-central velocity dis-
persion relation for elliptical galaxies of Forbes, Ponman &
Brown (1998).
Figure 9. Ellipticity of the dominant galaxy G1 as a function
of (semi-major axis)1/4, from a fit to elliptical isophotes. The
ellipticity increases from near-circular at small radii to approach
the X-ray ellipticity, shown by a dotted line, at large radii.
3.5 Fundamental Plane and Scaling Relations
If the luminous central galaxy is a result of recent multi-
ple mergers, then its photometric and dynamical properties
may not have yet relaxed to those of typical ellipticals. For
normal ellipticals, these properties are defined by the fun-
damental plane.
In order to test if the central galaxy G1 lies on the
fundamental plane of elliptical galaxies, the central veloc-
ity dispersion, the effective radius and the mean surface
brightness are required. To compare with the fundamental
plane of Djorgovski & Davis (1987), we used their defini-
tions: the effective semi-major axis ae from r
1/4 profile fits
and the mean surface brightness < µ > within ae in the Lick
rG band. We used H0=100 km s
−1Mpc−1 to be consistent
with Djorgovski & Davis (1987) (as opposed to the value of
H0=50 kms
−1 Mpc−1 used throughout the rest of this pa-
per). The R band measurements (on the Kron-Cousins sys-
tem) were converted to the Lick rG band via the equations
given in Djorgovski (1985) and Bessell (1979). The values
found (ae=20±1.1 h−1100 kpc, < µ >rG=21.37 mag arcsec−2
and σ0=260±30 km s−1 ) lie almost exactly on the funda-
mental plane relation of Djorgovski & Davis (1987) and are
certainly consistent with the galaxy G1 being on the funda-
mental plane within our measurement errors.
We tested for consistency using the B band fundamental
plane parameters, as given in Table 3. The galaxy was again
found to lie on the fundamental plane, defined in the B band
by the data of Prugniel & Simien (1996).
The Mg2 absorption line index is an age/metallicity in-
dicator. The index, as defined by Dressler (1984) and Faber
et al. (1977), is the depression, in magnitudes, of the in-
tensity at wavelengths 5157-5198A˚ compared to continuum
sidebands. The mean value from the KPNO 2.1m spectrum
and the Keck spectrum was 0.30±0.15. This value is consis-
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Table 3. Properties of the central elliptical galaxy G1
total magnitude R=16.1
MR=-24.2 + 5log(h50)
MV =-23.4 + 5log(h50)
type E5
rest-frame colour (r<50 kpc) (V-R)0=0.72±0.06
central velocity dispersion σ0=260±30 km s−1
effective radius (R) re=6.4±0.3 arcsec = 24.1±1.1 h50−1 kpc
effective radius (B) re=7.8±0.9 arcsec = 29.4±3.4 h50−1 kpc
effective semi-major axis (R) ae=10.6±0.6 arcsec = 40.0±2.3 h50−1 kpc
effective semi-major axis (B) ae=13.8±3.0 arcsec = 52.0±11.3 h50−1 kpc
Mean surface brightness µR=21.68 mag arcsec
−2
within ae (corrected) µrG=21.37 µB=23.65 mag arcsec
−2 ‡
Mg2 index§ 0.30±0.15
Radio power at 1.5 GHz† 3.5x1030 erg s−1Hz−1
† from Ponman et al (1994)
‡ accurate to ≈0.3 mag in B.
§ Mg2 index as defined in Dressler (1984) and Faber et al (1977).
tent with the elliptical Mg2-σ0 relation of Bender, Burstein
& Faber (1993), where σ0 is the central velocity dispersion.
We also note that the measured rest-frame (V-R)0 colour of
the galaxy is consistent with the colour-magnitude relation
of Prugniel & Simien (1996).
3.6 Neighbouring galaxy properties
If galaxy merging is an important process, then there may
be signs of it in galaxies close to the group centre. The
colours and mean surface brightnesses of galaxies at a range
of projected radii from the dominant galaxy were measured
and are plotted in Fig. 10. Only relatively bright galaxies
(R<21.5) were investigated, since colours were available for
all of these galaxies in the area studied. The colours were
measured on images with the dominant elliptical galaxy G1
subtracted, and using fixed apertures of 4.7 arcsec diameter.
The B-R colours are accurate relative to each other, but are
not accurate in an absolute sense because of the lack of B
band calibration.
Of the five galaxies within 200 h50
−1 kpc of the centre of
the dominant elliptical galaxy (shown as filled squares in Fig.
10), three are outliers from the general distribution. Galaxy
G10 (identified in Fig. 1) is the bluest of all the galaxies
and has a low mean R band surface brightness. Its unusual
appearance can be best seen in Fig. 5. Ignoring galaxy G4,
which appears to be projected behind a foreground star,
galaxy G3 has one of the highest surface brightnesses. Both
of these galaxies are very close (in projection) to the central
galaxy; both are within its isophotes. In addition, galaxy
G11 is very red.
Although we have no redshift for galaxy G10, its loca-
tion only 9 arcsec (or 35 kpc) from the centre of the domi-
nant galaxy, and its exceptional colour and appearance ar-
gue strongly for an association between the two galaxies. Its
blue colour relative to other galaxies in the field suggests
recent star formation. This is not, however, a major merger.
Galaxy G10 emits <1% of the R band light of the dominant
galaxy. One interpretation of the high surface brightness and
small size of the other unusual nearby galaxy, G3, is that it
is the high-density nuclear remains of a brighter galaxy. In
Figure 10. The properties of galaxies close to the central galaxy.
Mean surface brightness is plotted against relative B-R colour for
galaxies with R<21.5 at a range of projected distances from the
central galaxy. Three of the five galaxies within 200 kpc have fairly
extreme properties, suggesting galaxy interactions are occurring.
any case, the high fraction of abnormal galaxies close to the
central galaxy suggests that interactions are occurring.
3.7 Central cooling flow
The ROSAT HRI data allow an investigation of the proper-
ties of the hot X-ray emitting gas at the centre of the group,
coincident with the dominant galaxy. We have performed a
joint fit of all the X-ray data (PSPC spectral images and
HRI image) to a model of the X-ray emitting gas, assum-
ing hydrostatic equilibrium and a King profile for the gas
density variation with radius but with the metallicity fixed
at the integrated value determined by P94. The spatial and
spectral instrument response functions were included as de-
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scribed in Ponman & Bertram (1993). The assumption of
spherical symmetry is reasonable in the core of the group.
We find that the cooling time of the X-ray gas decreases
with decreasing radius, and is below 10 Gyr for r∼<0.8 ar-
cmin (190 h50
−1 kpc). The cooling time is ∼1 Gyr for r<6
arcsec. Using the method of White, Jones & Forman (1997)
we derive a mass deposition rate within r=0.8 arcmin of
45 M⊙ yr
−1 for a steady state cooling flow. However, we
find no evidence of a strong decrease in the X-ray temper-
ature at the group centre, as measured by the PSPC. This
could be due to the cooling flow being young, with insuffi-
cient time for widespread cooling to set in after disruption
by galaxy merging perhaps 3-4 Gyr ago. However, the rather
poor PSPC spatial resolution (≈25 arcsec) may be blurring
the observed temperature profile such that, within the lim-
ited statistical accuracy, the central temperature decrement
is not observed.
4 DISCUSSION
4.1 Comparison with other groups
RXJ1340.6+4018 was selected from an X-ray survey. Poor
clusters selected optically on the basis of the D or cD-like
appearance of the brightest galaxy include those of Morgan,
Kayser & White (1975, hereafter MKW) and Albert, White
& Morgan (1978, hereafter AWM). The X-ray luminosity,
X-ray temperature, velocity dispersion, mass estimates and
mass/light ratio of RXJ1340.6+4018 all lie within the range
of the same parameters of the MKW/AWM poor clusters
(Kriss, Cioffi and Canizares 1983; Beers et al 1995; Bahcall
1980). The distribution of the galaxy optical luminosities is,
however, very different in RXJ1340.6+4018 .
The extreme nature of the value of ∆m12=2.5 mag for
RXJ1340.6+4018 can be appreciated from the comparison
with the distribution of ∆m12 in poor clusters shown in Fig.
11. The comparison samples are the 25 optically selected
poor clusters of Price et al (1991) and the 15 MKW/AWM
clusters of Beers et al (1995) with ≥ 6 galaxy redshifts.
The mean of these distributions is ∆m12=0.4-0.5. Using
a different sample of 16 MKW/AWM clusters, and based
on photometry alone, Bode et al (1994) quote a median
∆m12 of 0.8 and a range of 0.1 to 1.8. The MKW/AWM
clusters were selected to contain a dominant giant elliptical
galaxy, and thus should have larger values of ∆m12 than ran-
domly selected groups, but even compared to this sample,
RXJ1340.6+4018 has an extreme ∆m12 value.
To quantify the random probability of obtaining a value
of ∆m12≥2.5, we performed 14000 Monte Carlo realisations
of luminosity functions with the absolute magnitudes se-
lected at random from a Schechter function distribution. We
used two of the LFs shown in Fig. 11 with extreme values
of the faint end slope, and a faint limit of MR=-16, as in
our observations. Using the MKW/AWM composite poor
cluster LF of Yamagata & Maehara (1986), which has a flat
faint end slope (α=-1.07) we found that less than 0.1% of
the simulated LFs had ∆m12≥ 2.5. The mean and median
∆m12 values were 0.48 and 0.38, and the ∆m12 distribution
is shown in Fig. 11. For the composite poor group LF of Fer-
guson & Sandage (1991), with the steepest faint end slope
(α=-1.39), a larger fraction of galaxies had faint luminosi-
RXJ1340.6+4018
Figure 11. The distribution of ∆m12, the magnitude difference
between the brightest and second brightest cluster galaxies. The
extreme value for RXJ1340.6+4018 can be compared with values
calculated from the data of Beers et al (1995) for 15 MKW/AWM
poor clusters, and for the compilation of poor clusters of Price et
al (1991). The ordinate is the percentage per bin of size 0.4 mag.
Also shown are predictions based on random selection from two
of the Schechter function LFs shown in Fig. 7.
ties, resulting in higher values of ∆m12 (1.2% of the sim-
ulated LFs had ∆m12≥ 2.5). The mean and median ∆m12
values were 0.71 and 0.55, less consistent with the observed
distributions in Fig. 11.
To compare the simulated random probabilities with
the number of observed systems we use the results of Jones
et al (1999) who find ≈5% of 100 X-ray selected groups and
clusters in the WARPS survey have ∆m12≥ 2.5, together
with the results of Vikhlinin et al (1999), who estimate from
4 similar systems that they comprise ≈20% of all clusters
and groups of comparable X-ray luminosity. These estimates
are significantly larger than the 0.1%-1% predicted from ran-
dom selection, suggesting that some other formation process
is at work.
If this other process is galaxy merging, how many L∗
galaxies are required to form the dominant galaxy? Given
the mean M∗R of -23.0 for the LFs in Fig. 11, the answer
is ≈3. Three galaxies is also consistent with the number
missing from the gap in the observed LF between the first
and second brightest galaxies.
A few of Hickson’s compact groups (HCGs) have ap-
parently large ∆m12 values (eg. Fig. 11 of Prandoni et al
1994) but these are generally due to the projection of un-
related foreground galaxies on to the groups; indeed HCGs
were deliberately chosen to contain at least four galaxies of
similar magnitude (within 3 mag of the brightest galaxy),
so the selection criteria should bias them toward low values
of ∆m12.
Related measurements are the fraction of the total
group light in the dominant galaxy and the central galaxy
surface density N0. From the LF of Fig. 7 at r<400 h50 kpc
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we find that ≈70% of the group light arises from the cen-
tral galaxy. We have used a limiting absolute magnitude of
MR=–16 to calculate this fraction but the result is valid
for any absolute magnitude limit fainter than MR ≈–19 be-
cause the luminosity function integral converges. By com-
parison, the fraction of the Virgo cluster light arising in M87
is only ≈5%, as derived from the data of Sandage, Binggeli &
Tammann (1985) and using a corresponding absolute mag-
nitude limit. The Virgo cluster bolometric X-ray luminosity
is similar to that of RXJ1340.6+4018 (White, Jones & For-
man 1997). The fractions of the cluster light emitted by the
brightest cluster galaxies in the MKW/AWM poor clusters
have intermediate values bewteen 11% and 40% (from the
data of Thuan & Romanishin 1981), and a similar range of
values is found in the rich cluster data of Oemler (1976),
including clusters containing cD galaxies. Thus the fraction
of light in the dominant galaxy in RXJ1340.6+4018 has an
extreme value compared to a wide range of other systems.
The value of the central galaxy surface density, Nc0.5, as
defined by Bahcall (1981), was measured as 2.8, assuming a
richness correction appropriate for a richness class -3 group.
The value for the Virgo cluster is 10 (Bahcall 1981). Abell
richness class 0-1 clusters typically have Nc0.5=10-50.
We now make a comparison of RXJ1340.6+4018 with
Hickson compact groups. RXJ1340.6+4018 is more luminous
in X-rays than any of the 85 Hickson compact groups studied
by Ponman et al (1996), and is a factor ∼15 more luminous
than the typical HCG detected. The group optical luminos-
ity of RXJ1340.6+4018 is comparable to that of the bright-
est Hickson groups, so the LX/LB ratio of 0.04 is higher
than any of the HCGs. In contrast, the X-ray temperature
lies within the range found for HCGs by Ponman et al (1996)
and RXJ1340.6+4018 lies on the σ − T relation for HCGs.
The X-ray luminosity of RXJ1340.6+4018 is high for its
X-ray temperature, and it does not lie on the LX−T relation
of clusters or of groups. Fig. 12 shows the LX−T relation for
clusters at z<0.2 using data compiled from several sources.
The solid line is the best fit using only clusters with T >1
keV (LX ∝ T 3.13; Fairley et al 1999). Groups of galaxies
with temperatures <1 keV show a systematic trend to have
low X-ray luminosities for a given temperature, as already
noted by Ponman et al (1996), but RXJ1340.6+4018 has the
opposite property. Infact RXJ1340.6+4018 has the largest
deviation above the best fit LX − T relation of any of the
clusters or groups in the plot.
4.2 The luminous central galaxy
The luminous central galaxy of RXJ1340.6+4018 does not
have the characteristic envelope of cD galaxies, which would
be visible as an excess surface brightness above the r1/4 law
at µ ∼<25 mag arcsec
−2 (eg. Schombert 1986). Thuan & Ro-
manishin (1981) found that the brightest galaxies in MKW
and AWM poor clusters were also missing cD extended en-
velopes. They suggested that the origin of cD envelopes in
rich clusters is tidally stripped matter falling on to the cen-
tral galaxy, but as tidal stripping (by the cluster potential)
is less efficient in groups, cD envelopes do not form there.
The total luminosity of galaxy G1 (MV=-23.4) is sim-
ilar to that of the brightest galaxies in the poor AWM &
MKW groups studied by Thuan & Romanishin (1981) and
to their estimates of the total luminosities of cD galaxies
in rich clusters, when the cD envelope luminosities were ex-
cluded.
The lack of features in the residual images after subtrac-
tion of the elliptical model in both the B and R bands shows
that there are no major dust lanes in the galaxy. Thus ei-
ther any dust is smoothly distributed, the progenitor galax-
ies were dust-free, or any dust has been sputtered by the hot
X-ray gas.
With the current X-ray data we cannot separate the
X-ray luminosity of the central galaxy from the X-ray lumi-
nosity of the group. Thus we cannot investigate the LX/LB
ratio of the galaxy alone. The log(LX/LB) value for the
group (-1.4) is ∼10-100 times larger than that for normal
elliptical galaxies.
4.3 Environment of the group
Because of the old ages and lack of evolution found for lu-
minous brightest cluster galaxies (BCGs), it has been sug-
gested that they may have formed before clusters, within
groups, which then merged. It is interesting to note that
RXJ1340.6+4018 lies in the outskirts of the richness class 2
cluster A1774. A1774 has a redshift of z=0.1691 (Struble &
Rood 1987), corresponding to a line-of-sight velocity differ-
ence of only 475 kms−1with RXJ1340.6+4018 . The pro-
jected separation is 18.2 arcmin, corresponding to 4.1 Mpc,
so RXJ1340.6+4018 is in the outskirts of A1774 and is part
of the large-scale structure associated with A1774. There
is no cD galaxy in A1774; the cluster has a Bautz-Morgan
class of III, the class with least dominant cluster galaxies.
The centre of A1774 is south of RXJ1340.6+4018 in a direc-
tion some ≈25◦from the X-ray position angle of galaxy G1.
If RXJ1340.6+4018 is falling into A1774, then the approx-
imate alignment of the X-ray isophotes, and probably also
the dark matter distribution, with the direction of A1774,
is suggestive of infall along a filamentary structure, as ob-
served in galaxy redshift surveys and predicted in hydro-
dynamic simulations of large-scale structure formation (eg.
Katz, Hernquist & Weinberg 1992). In a detailed N-body
simulation of a poor cluster within a hierarchical cosmolog-
ical model Dubinski (1998) found that after 3 Gyr (ie. by
z≈0.8) the four most massive galaxies had merged along a
primordial dark matter filament. The final luminous giant el-
liptical galaxy at the cluster core had its major axis aligned
along the filament, and the appearance of the galaxies at
z=0 was very similar to the observations presented here.
4.4 Merger age
If the central galaxy has formed via multiple mergers,
then the last major merger probably occurred several Gyr
ago, because there are now no morphological signs left of
merging activity (boxy isophotes, shells or tidal tails). The
galaxy lies on the fundamental plane, colour-magnitude and
metallicity- velocity dispersion relations of normal ellipti-
cals. The time since the last major starburst, according to
the correlation of deviation from the fundamental plane with
spectroscopic age of Forbes et al (1998), is ∼>4 Gyr. An esti-
mate of the age of the stellar population can be made using
the Lick line index system as defined by Worthey (1994).
Although we can not do a full correction to the Lick system,
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Figure 12. X-ray luminosity–temperature relation for clusters and groups. RXJ1340.6+4018 is
the most deviant point above the best fit (solid) line. Dotted lines are parallel to the best fit
line and are merely to guide the eye. Open squares are from David et al (1993), circles from
Mushotzky & Scharf (1997) and triangles from Helsdon & Ponman (1999).
the Hβ line index is sufficiently small (equivalent width=
0.8±0.2 A˚) to rule out a young age and is consistent with
the oldest ages in the Worthey models ie. 18 Gyr.
Dynamical friction causes massive galaxies to lose en-
ergy and spiral in toward the group centre (eg. White 1976).
The timescale for dynamical friction can be estimated using
the equations given by Binney & Tremaine (1987) which in-
tegrate the Chandrasekhar (1943) dynamical friction force
as a galaxy falls toward the group centre. Assuming the to-
tal gravitating mass is proportional to r−2, consistent with
our analysis of the X-ray data, and the galaxy is initially
on a circular orbit of radius 200 kpc with velocity
√
2σr, an
L∗ galaxy with a typical mass/light ratio of 10 M⊙/L⊙ is
predicted to fall into the group centre in ∼4.5x109 yr. Thus
the lack of observed L∗ galaxies within a radius of 200 kpc is
consistent with the effects of dynamical friction acting over
a substantial fraction of a Hubble time.
4.5 Comparison with simulations
The X-ray observations of RXJ1340.6+4018 require a mas-
sive dark halo to gravitationally bind the hot X-ray gas. The
fraction of dark matter initially distributed in halos around
individual galaxies, rather than distributed throughout the
group, is not known. Dark galaxy halos may be stripped by
galaxy interactions.
In the simulations of virialized poor clusters of Bode et
al (1994), if 50% of the dark matter is initially in galaxy
halos, galaxy merging occurs and a dominant central galaxy
is produced after ∼1x1010 yr. Most mergers involved the
dominant galaxy. This galaxy contains a third or more of
the luminous matter in the cluster and accretes 0.5-5L∗.
The mass function, which was initially continuous, develops
a gap of a factor ≈6 in mass between the most massive
galaxy and the second most massive.
The similarities between the properties predicted by the
simulations of Bode et al (1994) and the observed properties
of RXJ1340.6+4018 are striking: the gap in the predicted
mass function and the gap in our observed luminosity func-
tion (of ∆m12=2.5 mag or a factor of 10), the total luminos-
ity (≈3L∗) and the high fraction of the total cluster light in
the dominant galaxy.
In the same simulations, if all the dark matter is initially
distributed throughout the group, the initial galaxy masses
are smaller, and the dynamical friction timescales are longer.
Merging is delayed beyond 13 Gyr, and a central dominant
galaxy is not produced. Thus, according to these simulations
(in which the dark halos were ∼ 2 − 4 times more massive
than the luminous matter), if merging is a dominant process,
the extreme properties of the RXJ1340.6+4018 system could
only be produced if galaxies initially had massive dark halos.
Governato, Tozzi & Cavaliere (1996) note that the merger
rate for galaxies with very massive dark matter halos (>4
times the luminous matter mass) may not be faster than
for galaxies with less massive halos. In the collapse phase,
included in their simulations, unequal dark matter halos are
tidally stripped to about the same size and mass.
The simulations of galaxy groups of Governato, Tozzi &
Cavaliere (1996) also produced a ‘merging runaway’ (Cava-
liere, Colafrancesco & Menci 1991) in which a large fraction
of the galaxies merged to produce one or two central mas-
sive galaxies in a few crossing times after the initial collapse
of the central region. These simulations started in a non-
virialized state and included galaxy infall. Governato et al.
(1996) also use the Press-Schechter (1974) formalism to pre-
dict a larger fraction of systems like RXJ1340.6+4018 in an
open, Ω=0.2 Universe than in an Ω=1 Universe. In an open
Universe only 10%-15% of groups were predicted to have
formed since z=0.3, compared to 30%-50% of groups in a
critical density Universe. In the open Universe predictions
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there was also little galaxy infall into groups, and group ages
corresponded to a significantly larger number of crossing
times than in a critical density Universe. For either value of
Ω, Governato et al. (1996) found that most galaxy merging
occurred at high redshifts z>0.3 (and still higher redshifts
for an open Universe), so the observed lack of morpholog-
ical signs of merging is not surprising. The detailed prop-
erties and statistics of systems like RXJ1340.6+4018 may
therefore help to constrain cosmological parameters and/or
galaxy formation models.
4.6 Formation mechanisms
The large gap in the galaxy luminosity function and the
very high fraction of the group light emitted by the central
galaxy suggest that galaxy merging has occurred, as pre-
dicted by simulations of groups. At least one neighbouring
galaxy (G10) has an extreme colour and may be interacting
with the central galaxy.
However, the undisturbed, relaxed morphology of the
central galaxy, its location on the fundamental plane of el-
lipticals and the lack of strong Balmer absorption lines in the
optical spectrum show that a major merger (causing major
star formation activity) has not occurred recently (within
4 Gyr). This suggests that the majority of the merging oc-
curred at an early epoch, consistent with dynamical friction
predictions which would leave only low mass galaxies merg-
ing at later times. There are other pieces of evidence that
suggest the RXJ1340.6+4018 system was formed at an early
epoch. The deviation of the system from the LX − T rela-
tion towards high X-ray luminosities can be explained in
simple terms by an early formation epoch. At early times,
the higher density of the Universe leads to a higher gas den-
sity and thus a higher X-ray luminosity (since LX ∝ n2).
There are puzzles remaining though. The lack of evi-
dence for a strong cooling flow is a puzzle if the system is
old, although the spatial resolution of our X-ray data may
be insufficient to resolve the central temperature decrement.
The elongation of the X-ray isophotes suggests that the dark
matter distribution is also elongated, and thus may not be
relaxed, as would be expected in an old system. The intru-
iging possibility that RXJ1340.6+4018 is in a filamentary
structure related to the infall of mass on to A1774 remains.
The similarity of the optical galaxy ellipticity at large
radii to the X-ray ellipticity, together with the approximate
alignment of the optical isophotes with the X-ray isophotes,
supports the observed X-ray elongation and suggests that
the stars in the outer regions of the galaxy may be re-
sponding to the group-sized dark matter distribution. While
ellipticity increasing with radius and alignment with clus-
ter structure may be a common feature of cD galaxies (eg.
Dressler 1978), it is rarely observed in regular giant ellipti-
cals without cD envelopes.
5 CONCLUSIONS
We have measured four concordant galaxy redshifts show-
ing that the system RXJ1340.6+4018 is a group of galax-
ies. ROSAT HRI X-ray observations confirm that the X-
ray emission is diffuse. The X-ray properties of the group
are not unlike those of the optically selected MKW and
AWM poor clusters and groups, which were selected to have
dominant giant ellipticals. However, the giant elliptical in
RXJ1340.6+4018 dominates the group to an extreme de-
gree; the second brightest galaxy is a factor of 10 less lumi-
nous (∆m12=2.5 mag), and 70% of the group optical light
originates in the dominant elliptical. This large magnitude
gap, combined with the poorness of the system, would make
it difficult to detect in two-dimensional optical surveys. The
gap in the group galaxy luminosity function occurs ∼L∗ and
the missing luminosity is consistent with the luminosity of
the dominant galaxy.
We interpret the properties of the group in terms of
merging of L∗ galaxies at an early epoch, leaving behind
low mass galaxies, as predicted by dynamical friction. Fossil
groups like RXJ1340.6+4018 may be the long sought-after
descendents of HCGs.
In this interpretation, the epoch of merging must have
been early (∼>4 Gyr ago). The undisturbed morphology of
the dominant galaxy, its location on the fundamental plane
of ellipticals and the lack of young star features in its op-
tical spectrum all suggest no recent merging or star forma-
tion activity. However, the marked elongation of the X-ray
isophotes is more consistent with a young, unrelaxed sys-
tem. Future X-ray observations will determine the detailed
structure of the system as well as any relation to the nearby
cluster A1774.
Clearly more examples of groups simi-
lar to RXJ1340.6+4018 need to be found before any firm
statements about their space density can be made. We are
searching for similar systems in the WARPS X-ray selected
survey (Scharf et al 1997, Jones et al 1998). Initial results
indicate that there are indeed several similar systems. De-
tailed observations of these fossil systems will determine the
importance of merging in galaxy groups for the formation
of luminous elliptical galaxies.
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